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ABSTRACT

Background: Kinesiology tape has been advocated as a means of improving muscle flexibility, a potential modifiable
risk factor for injury, over time. The epidemiology and etiology of hamstring injuries in sport have been well
documented.

Purpose: To compare the temporal pattern of efficacy of kinesiology tape and traditional stretching techniques on
hamstring extensibility over a five day period.

Study Design: Controlled laboratory study.

Methods: Thirty recreationally active male participants (Mean + SD: age 20.0 + 1.55 years; height 179.3 + 4.94 cm;
mass 76.9 + 7.57 kg) completed an active knee extension assessment (of the dominant leg) as a measure of hamstring
extensibility. Three experimental interventions were applied in randomized order: Kinesiology tape (KT), static
stretch (SS), proprioceptive neuromuscular facilitation (PNF). Measures were taken at baseline, +1min, +30mins,
+3days and + 5days days after each intervention. The temporal pattern of change in active knee extension was mod-
elled as a range of regression polynomials for each intervention, quantified as the regression coefficient.

Results: Hamstring ROM with KT application at +3days was significantly greater than baseline (129.18 + 15.46%, p
= 0.01), SS (106.99 + 9.84%, p = 0.03) and PNF (107.42 + 136.13%, p = 0.03) interventions. The temporal pattern of
changes in ROM for SS and PNF were best modelled by a negative linear function, although the strength of the correla-
tion was weak in each case. In contrast, the KT data was optimised using a quadratic polynomial function (r* = 0.60),
which yielded an optimum time of 2.76 days, eliciting a predicted ROM of 129.6% relative to baseline.

Conclusion: Each intervention displayed a unique temporal pattern of changes in active knee extension. SS was best
suited to immediate improvements, and PNF to +30 minutes in hamstring extensibility, whereas kinesiology tape
offered advantages over a longer duration, peaking at 2.76 days. These findings have implications for the choice of
intervention, timing and duration to assist clinicians in both a sporting and clinical context.
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INTRODUCTION

Recent investigations have examined the temporal
efficacy of kinesiology taping (KT), finding that KT
offered greater tissue response than PNF and static
stretching over an acute time frame (30 minutes),
peaking at 24.2 minutes.! These findings may assist
clinicians in determining the optimum application
time for kinesiology tape to implement a positive tis-
sue response prior to performance. Changes in tis-
sue extensibility might be due to cutaneous receptor
response, tissue deformation, and/or activation of
the adhesive properties of the tape. Although man-
ufacturers indicate KT can be worn for a three to
five day period in order to have the optimum tis-
sue response, there is currently minimal supporting
empirical evidence.?® Several authors have consid-
ered the response to KT application (for up to 7
days) in pain, range of movement (ROM) and func-
tion in those with musculoskeletal pathologies with
varying outcomes.*’

The complex physiological mechanisms underpin-
ning the benefits of KT continue to be debated with
both mechanical and sensory theories discussed.'
Suggested mechanical benefits include enhanced
muscle extensibility, neuromuscular reflex stimula-
tion (autogenic or reciprocal inhibition), stress-strain
relaxation, and tissue and plastic deformation.>!%3
However sensory tolerance and pain gate control
theory may also influence the extensibility of the
tissue. !0

Muscle extensibility is one of many physical compo-
nents that potentially influences injury, resulting in
variations in muscle flexibility intervention strate-
gies.'>'” However direct comparison of interventions
between studies is limited with methodological dis-
crepancies in application, procedures, anatomical
regions, recruitment criteria and sample size appar-
ent.'*'%% Restricted hamstring flexibility is discussed
as a potential precursor to injury, as a “modifiable”
intrinsic risk factor, particularly in maximal speed
activities due to the eccentric overload of the tis-
sue.'®?*? Previously, static stretching (SS) was the
common approach used to address flexibility in tra-
ditional musculoskeletal protocols,!>6272 however
evidence that demonstrates potential detrimen-
tal effects on strength and power associated with
SS has resulted in a greater shift towards dynamic

stretching and proprioceptive neuromuscular facili-
tation (PNF). 2%

The temporal efficacy of kinesiology taping on
muscle extensibility over a three to five day period
has been afforded little consideration, despite the
common clinical suggestion for use over this time
frame. Furthermore, the implications for sport-
ing performance and musculoskeletal pathologies
remain under researched. Immediate change in
muscle extensibility post-intervention using KT is
likely to be through neuromuscular reflex stimula-
tion, stress-strain relaxation or stretch tolerance. '’
Thus static stretching and PNF would have an acute
effect on hamstring extensibility, with PNF expected
to show greater initial gains during and post stretch
due to the potential for the contraction to impart an
influence on the neuromuscular reflex response.*®
However, over a prolonged period it could be hypoth-
esised that KT could show an effect as the proper-
ties of the tape are activated over time, influencing
cutaneous mechanoreceptor stimulation. Since KT
application for muscle stretch is from the origin to
insertion while in the lengthened position it could
be hypothesised that through prolonged stress-strain
relaxation and viscoelastic deformation, applying a
constant force over a period of time will assist tis-
sue extensibility over a five-day period. To be able to
reduce a potential risk factor for injury, the efficacy
of any technique for hamstring extensibility must
be studied over longer periods of time in order to
determine whether the extensibility is maintained
through training and performance. The aim of the
present study was to compare the immediate, 30 min-
ute, three- and five-day post-intervention efficacy of
KT to traditional stretching techniques on hamstring
extensibility. This may assist practitioners in their
choice of intervention to maintain muscle extensi-
bility over a key time period. It was hypothesized
that the temporal pattern of changes in hamstring
extensibility will be unique to each intervention,
given their discrete mechanistic influence.

METHODS

An a priori power analysis was performed for sam-
ple size estimation based on data and effect size was
derived from a previous study.' Using an alpha =
0.05 and power = 0.80, the projected sample size
was nine for each experimental group. Given the
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potential for attrition over a five-day testing period,
a total of 30 male participants completed the study.
Inclusion criteria required each participant to be
male, over 18 years, participating in recreational
sport four times a week, and asymptomatic from
injury and with no history of previous hamstring
injury. Exclusion criteria included history of lum-
bar or neurological symptoms, history of muscu-
loskeletal disorders or injuries within the prior 12
months, medical conditions that may alter muscle
flexibility and skin allergies or conditions. All par-
ticipants were further screened and excluded if their
straight leg raise was < 70 degrees, potentially indic-
ative of joint or tissue restriction or pathology. The
30 participants were randomly and evenly selected
into three groups by intervention. Detailed informa-
tion regarding the nature and purpose of the study
was provided, and all participants provided written
informed consent in accordance with the depart-
mental and university ethical procedures and fol-
lowing the principles outlined in the Declaration of
Helsinki. Ethical approval for the study was granted
by the departmental research ethics committee.

Data Collection & Analysis

Conmsistent with a recent study,' all participants com-
pleted a standardized five-minute warm up on the
cycle ergometer.® Five centimetre (cm) seat belts
were placed across ASIS and the non-dominant leg
at 20cm above tibial tuberosity in order to stabilize
participants during the standardized Active Knee
Extension (AKE) position®***. The hip was placed at
90° and fixed using a seat belt, proximal to the popli-
teal crease (Figure 1a). All belts were marked for re-
measurement, and the dominant leg was measured
for all participants. Dominant leg was identified as
the preferred kicking leg.

The measurement of AKE was taken once the partic-
ipant extended the knee to their point of hamstring
stretch tolerance (no pain and initial resistance) and
at that point the calcaneus was supported to allow
a baseline measurement to be recorded, via a stan-
dard goniometer (Myrin, Patterson Medical, North
Ryde, Australia) at the tibiofemoral joint.*** The
participant was then placed prone on the plinth with
a pillow under the ankles to assist in relaxation of
hamstrings.

Figure 1. (a) The Active Knee Extension testing position and
(b) kinesiology tape Y-cut application.

Subsequent to this baseline measure, AKE measure-
ments were completed immediately, 30 minutes,
three- and five- days post intervention. Participant
were instructed to continue normal daily activity
through the duration of the study and requested
to avoid any specific activity related to hamstring
flexibility. For intervention in the SS the group, the
barrier of resistance was found in AKE and a 30 sec
hamstring stretch applied by the researcher at the
initial point of resistance, with a 10 sec rest period
between each stretch. This was repeated three
times.'*"*” The PNF group was placed in AKE posi-
tion and the initial stretch barrier held for 10 secs,
prior to 10 secs PNF hamstring contract-relax resis-
tance of 75% of their perceived maximum to assist
muscle activation. There was a three second release
from barrier prior to stretching to new resistance
barrier for 10 secs, and this process was repeated
three times.'*® For KT application the distributors
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guidelines (RockTape®) were followed, with the area
prepared and a Y-cut piece of tape applied at 25%
stretch from ischial tuberosity to head of fibula, and
to the medial condyle of tibia to hamstring muscle
insertion points with knee extension (Figure 1b).
The KT application remained in place for the five-
day duration of the study. For all participants and
for each intervention, the same therapist performed
all procedures.

Statistical Analysis

Atwo factor (intervention x time) repeated measures
general linear model was used to determine differ-
ences between interventions at the progressive time
points. Where appropriate, post-hoc pairwise com-
parisons using a Bonferroni correction factor were
applied. Statistical significance was set at p < 0.05.
All measures are reported relative to the pre-exer-
cise score, which assigned 100% baseline for each
participant. Data are presented as mean + standard
deviation.

In describing the temporal pattern of changes in
ROM, arange of regression polynomials were applied
to each intervention to determine the optimal model
to describe temporal efficacy'. The strength of the
regression was quantified using the r* value.

RESULTS
The subject demographics for each intervention
group are summarised in Table 1.

Table 2 summarises the change in ROM for each
intervention over the five day period. The only sig-
nificant changes observed in ROM occurred with
KT application (relative to pre-application baseline
scores) at 30mins (p = 0.03) and 3 days (p = 0.01). At
the three-day post intervention measurement the KT
trial also significantly outperformed the SS (p = 0.03)
and PNF (p = 0.03) interventions. The SS and PNF
interventions produced the greatest improvement in

Table 1. Subject Demographics (presented as group mean

+ standard deviation).

Group Age (years) Height (cm) Mass (kg)
KT 19.5+0.70 177.6 +4.62 74.2 +5.84
SS 20.8 +2.15 181.6 +4.03 80.0 + 6.38

PNF 20.2+1.32 178.7 +5.64 76.6 +9.55

Table 2. Temporal changes in hamstring extensibility for

each intervention.

Hamstring extensibility (% of baseline)
Group

Post + 30 mins + 3 days +5 days

KT 104.06 +10.68 | 120.59 + 13.41 | 129.18 + 15.46 | 115.40 + 18.54

SS 114.04£3.86 | 112.67+12.72 | 106.99 +9.83 | 103.32+ 12.49

PNF 115.72£7.18 | 116.36£12.23 | 107.42+16.13 | 105.81 £ 12.09

performance immediately post-application but these
changes were not statistically significantly different
(p ~ 0.10). The temporal pattern of changes in ham-
string extensibility is shown in Figure 2.

Figure 3 shows the temporal distribution in ROM
plotted against a linear timeline, with the regression
coefficients summarised in Table 3 for both linear
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Figure 2. The time history of changes in active knee exten-
sion with each intervention. *denotes significantly greater than
baseline (p < 0.05).
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Figure 3. The optimum correlational function to model the
time history of changes in active knee extension for each inter-
vention.
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Table 3. Linear and quadratic correlation coefficients to

predict ROM from time post-intervention.

Linear regression Quadratic regression
KT ROM = 2.55 days + 109.75 ROM = -2.83 days” + 15.58 days + 108.07
R*=0.24 R*=0.60
SS ROM = - 1.02 days + 109.04 ROM = -0.25 days’ + 0.15 days + 108.89
R*=0.15 R*=0.14
PNF ROM = - 0.99 days + 110.66 ROM = 0.04 days” — 1.16 days + 110.68
R*=0.11 R*=0.10

and polynomial (quadratic) functions. The SS and
PNF interventions were best modelled by a negative
linear function, although the strength of the corre-
lation was weak in each case. In contrast, the KT
data produced a positive linear regression, but was
optimized using a quadratic polynomial function
(R* = 0.60). The quadratic equation to describe the
temporal pattern of change in ROM with KT applica-
tion yields an optimum time of 2.76 days, eliciting a
129.6% ROM.

DISCUSSION

The current study investigated the efficacy of KT
on hamstring extensibility over a five-day period
in comparison with traditional stretching methods.
There are a few studies (with notable methodologi-
cal variance) whose authors have reported signifi-
cant differences between KT and other treatment
interventions,*'?* although research into the tempo-
ral benefits are limited.

While KT demonstrated a positive linear correla-
tion with time post intervention, both SS and PNF
presented a negative linear correlation. The find-
ings have implications for the practitioner, since the
choice of intervention might depend on the poten-
tial for immediate or longer-term utilization for ham-
string extensibility. Similar to previous literature,
the findings indicate that if immediate and short
term improvements are required PNF application is
preferable.’* However if improvement in hamstring
extensibility is required over a longer time period
then KT offers potential benefits. KT application
was best modelled as a quadratic function, predict-
ing optimum yield at 2.76 days.

To date the majority of KT studies have considered
the immediate effects after application, while few

studies have reviewed over the effects over a pro-
longed application. Those that have considered
immediate or short term effects are associated with
a variety of musculoskeletal pathologies including
shoulder impingement,>* whiplash,' plantar fasci-
itis,* PFPS,>*? achilles tendonosis* and chronic lower
back pain.®®* Results from these studies should be
viewed with caution as all have variance in both
clinical and statistical outcomes. Importantly, those
studies whose authors’ demonstrated improvements
suffered from poor methodological quality.!!1%4445
Any immediate KT benefits reported have not been
maintained through the respective follow up periods
which does not allow for advocating KT in preference
over other interventions,®rather, only that KT can be
used as an alternative or adjunct intervention.¥4

The proposed physiological mechanisms for the
beneficial effects of KT are numerous and com-
plex, however the majority of authors suggesting
three main mechanical theories; neuromuscular
reflex stimulation (autogenic or reciprocal inhibi-
tion), stress-strain relaxation, and tissue and plastic
deformation.'*'** The current findings suggest the
proposed mechanical theories are more likely to
influence the immediate change in muscle exten-
sibility. The tissue response to KT application may
influence plastic deformation and stress-strain relax-
ation over a longer duration. The greatest initial
gains attributed to PNF may be due to the co-con-
traction theory through the neuromuscular reflex
stimulation and subsequent latency to induce tis-
sue relaxation and allow for a new end range to be
established.'®*® Previous researchers determined
that post PNF intervention, muscle extensibility
returned to 50% of baseline within one second and
90% in 10 seconds.*

The current findings suggest that KT was the pref-
erential treatment over the five day duration, sug-
gesting that the effects may be due to stress-strain
relaxation and viscoelastic deformation.!” The con-
sistently applied stretch force at the end of range
induced by the KT may reduce the viscoelastic
energy and promote stress relaxation, so the mus-
cles can experience strain relaxation (creep) result-
ing in a decline in passive resistance over time.!”>
Furthermore within the current study the larger
muscle mass associated with hamstrings may induce
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greater improvements as passive elastic stiffness
has positive correlation to the strength of muscles
in comparison to other studies that utilized other
muscles.>>*

The findings indicate the optimum post-interven-
tion time was 2.76 days, suggesting a combination
of initial cutaneous mechanoreceptor stimulation,
viscoelastic change and stress-strain relaxation may
assist in deformation over an approximate three day
time period. However the results showed no statis-
tically significant differences in ROM at day five,
and a return to resting state by day six based on the
regression equation, supporting the suggestion that
viscoelastic deformation is transient and it’s magni-
tude and duration are influenced by duration, inter-
vention and load.!%%56

It is important to note that additional mechanisms
that influence muscle extensibility should be consid-
ered, including pain perception from the central and
peripheral nervous systems, ' physiological changes
in sarcomeres, the stimulation of the rearrange-
ment of collagen,®® or psychological influences.*”*’
Minimal literature exists to support alternative
theories of plastic deformation and other mechani-
cal mechanisms that consider the adaptive change
within connective tissue. '>*' Thus, future research
could examine the tissue response to KT application
reapplied at day three, recovery days prior to reap-
plication or methods to achieve greater longer term
effects.

Similar to the recent study reviewing the efficacy
of KT over 30 minutes to assist hamstring flexibil-
ity, KT can be potentially be utilized for technique
improvement and performance facilitation.>® How-
ever, it is important to consider that an increase in
muscle extensibility may be detrimental to power
and performance, and may actually increase injury
risk.?”?! Thus, findings of the current study cannot
be generalized to a wider population that differs in
age, gender and health of the subjects.

Understanding the possible mechanisms ofinfluence
of KT needs further consideration through other
methods such as electromyography, ultrasound, and
thermal imaging. The benefits of KT are likely to
be influenced by a wide range of extrinsic factors
such as therapist experience, the environment, the

nature of injury, population, sporting demands,
and physiological, psychological and biomechanical
characteristics. Efficacy may also be directly related
to the execution of the therapist experience, tape
application and tape techniques chosen.” Future
studies should consider longitudinal and post appli-
cation follow up studies, additional muscle groups,
functional task assessment, and alternative tape
application methods.

CONCLUSION

Each intervention displayed a unique temporal pat-
tern of changes in active knee extension. For an
immediate improvement in hamstring muscle flex-
ibility PNF and SS both out-performed KT, however
for improvements over a longer duration kinesiology
tape is advantageous. The optimum timing of kinesi-
ology tape application was 2.76 days, eliciting a 30%
improvement in hamastring ROM relative to base-
line. These findings suggest that the choice of stretch-
ing intervention be informed by the clinical context.
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